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Published by 2 of length L, the refractive index change required to switch from one state to another is given by Δn L = λ/2. Many switches are based on this principle; for example, using controlled birefringence, two-beam interference in a Mach-Zehnder interferometer (MZI), multi-mode interference in a directional coupler or Y-junction, or resonant enhancement in cavities [1] .
Slow light in photonic crystal waveguides adds a degree of freedom to this equation.
Slow light is similar to cavity enhancement, i.e. the optical path inside the device effectively increases while the physical size remains small [2] , but it offers more bandwidth [3] . To highlight the capability of slow light enhancement, we refer to the MZI optical switches reported by Vlasov [4] and Gu [5] that operated with 8-10 times less power than a conventional switch of similar size.
The device presented here is based on a concept proposed by Yamamoto et al [6] . It exploits the fact that one of the two supermodes of the directional coupler has a low group velocity, which is the key design feature responsible for the short switching length. Figure 1 (top) shows the geometry; several sets of holes in the central section have been modified in order to tune the dispersion properties of the supermodes, and hence the coupling characteristics.
Ridge waveguides at both ends of the device provide access to an interface region consisting of four rows of a slightly different photonic crystal structure, designed to give a dispersion relation that enables efficient injection of light into the device; this is especially important in the slow light regime, where large coupling losses can occur [7, 8] . The total size of the photonic crystal is approximately 9 μm × 9 μm, resulting in a footprint of less than 100 μm 2 .
The dispersion of the central coupling region of the switch is engineered by controlling the sizes of three sets of holes, as illustrated in Figure 2 shows the dispersion curves of the supermodes in the coupling section (solid and dashed curves), calculated using MPB [9] with a sufficiently large supercell to minimise interactions between adjacent cells. The coupling length -the length at which the π phase difference required for switching occurs -is a function of the splitting of the two modes, In practice, however, the first cross-coupling peak occurs slightly below the transition frequency due finite length effects that are not taken into account in the band structure calculation. We note that the switch proposed in [6] was designed to operate on either side of the transition region in order to maximise the bandwidth, whereas the present design sacrifices some bandwidth in order to reduce the index change required for switching.
The devices were fabricated using the same process as in [10] , except that the patterns were generated on our Raith Elphy Plus/LEO 1530 electron-beam lithography system.
Controlling the hole size is the most critical aspect of the design. Devices are characterised in an end-fire set-up, using a broadband LED source. For a proof-of-principle experiment, switching via the thermo-optic effect is demonstrated by heating the optical stage supporting the device. At near-infrared wavelengths, the thermo-optic effect in silicon will produce a change in refractive index of Δn = 1.8 × 10 In the initial state (Fig. 3a) , output is in the bar port with an extinction ratio of −20.0 dB.
By changing the refractive index of the silicon -we use the thermo-optic effect, but it could be any other physical mechanism -the spectrum shifts in wavelength whilst maintaining its shape (provided Δn << n), switching the output into the cross port (Fig. 3b) , with an extinction ratio of Returning to the generic switching condition (Δn L = λ/2) allows us to estimate the enhancement afforded by the peculiar dispersion curves of the photonic crystal coupler (Fig. 2) .
For a conventional switch, the Δn L product is simply half the wavelength, i.e. 1574/2 = 787 nm.
For our switch, the switching length is 12a = 5.2 µm and the refractive index change is Δn = 4.2
, yielding a Δn L product of 22 nm, which is 36 times smaller than that of the conventional 
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